Abstract: Trifluoroacetic acid (TFA) was found as an efficient catalyst for the synthesis of amidoalkyl naphthols from aromatic aldehydes, -naphthol and acetamide/benzamide under solvent free condition at 80 o C. All the synthesized compounds were characterized by IR, 1 H NMR and Mass spectra. The advantages of the new method were good yields, short reaction times, simple work-up, inexpensive and easily available catalyst and economical due to absence of solvent. Therefore, this method could be an attractive alternative to existing methods for the synthesis of biologically important amidoalkyl naphthols.
INTRODUCTION
In recent years, multicomponent reactions (MCRs) have gained much attention in organic synthesis as they furnish the desired products in a single operation without isolating the intermediates. Thus, reaction times are reduced and energy and raw materials saved [1] . Therefore, researchers have made great efforts to find and develop new MCRs. They have merits over two-component reactions in several aspects including the simplicity of a one-pot procedure, possible structural variations and building up complex molecules.
One of the MCRs is the synthesis of amidoalkyl naphthols, which are ubiquitous to variety of biological important natural product and potent drugs, including a number of nucleoside antibiotic and HIV protease inhibitor, such as ritonavir and lipinavir [2, 3] . Furthermore, amidoalkyl naphthols can be converted in to useful synthetic building block for drugs exhibiting depressor and bradycardiac activities [4, 5] . Amidoalkyl naphthol derivatives have attracted considerable interest because of their pharmaceutical and agricultural activities. For example, 1-aminomethyl-2-naphthols have been reported to show cardiovascular activity [4] . The hypotensive and bradycardiac effects of these compounds in normotensive rats as well as their in vitro inotropic and aortic contraction effects in the isolated left atria and aorta of rat have been evaluated.
1-Naphthaleneacetic acid and 2-naphthoxyacetic acid have been reported to act as plant-growth regulators [6, 7] . Looking at the [24] and Oxalic acid [25] have been reported. However, some of the reported methods suffer from disadvantages such as prolonged reaction time, higher reaction temperature (>100 o C), low product yields, use of toxic and corrosive solvents, and unconventional methodologies such as microwave or ultrasonic irradiation. Therefore, it was of genuine interest to develop a more universal method for the synthesis of these products. There are several advantages of performing synthesis in solvent-free media such as simple workup, economical due to the absence of solvent and short reaction time.
RESULTS AND DISCUSSION
Herein, we are reporting a novel protocol for the rapid synthesis of a variety of amidoalkyl naphthols using a catalytic amount of trifluoroacetic acid (TFA) under solvent free condition (Scheme 1).
To optimize the catalyst quantity, a reaction of pnitrobenzaldehyde (1 mmol), -naphthol (1mmol) and acetamide (1.3 mmol) was selected as a starting reaction. The effect of different amount of catalyst on the yield of the product has been shown in Figure 1 .
The perusal of the data shows that 3 mol% of TFA gives maximum yield under solvent free condition. Therefore, 3 mol % of TFA was selected for further catalytic studies on various similar reactions.
To compare the methodology the same reaction was also carried out in 1,2-dichloroethane at room temperature as well as under reflux condition (15 hrs). The yield of amidoalkyl naphthol was found 5% and 38% in former and latter cases, respectively. Furthermore, to enhance the rate of the reaction, the same reaction was carried out under microwave irradiation. Upon irradiation in a microwave for 3 min., 5 min., 7 min., and 10 min., under solvent free condition above reaction gives desired product 22 %, 33 %, 45 % and 36 % yield, respectively. However, the yield was quite high ( Table 1) in solvent free condition with temperature at 80 o C.
To test the general scope and versatility of this procedure in the synthesis of a variety of substituted amidoalkyl naphthols, we examined a number of substituted aromatic aldehydes, -naphthol and acetamide/benzamide. The results are summarized in Table 1 . Due to the availability of a vast number of aromatic aldehydes this three component reaction can be very useful to synthesis the desired products. As Table 1 show that in the case of all aromatic aldehydes bearing electron-donating or electron-withdrawing substituent, gave desired amidoalkyl naphthols in good yields. As expected, the aldehydes with electronwithdrawing groups reacted faster than aldehydes having electron-donating groups. In all cases amidoalkyl naphthols were the sole product and no byproduct was observed.
Reaction Mechanism
As reported in literature, following reaction mechanism was proposed (Scheme 2). The reaction of -naphthol with aromatic aldehyde in presence of acid catalyst is known to give an ortho-quinone methide (o-QM). The same o-QM, generated in-situ, have been reacted with acetamide via conjugate addition to form amidoalkyl naphthols. Electorn-withdrawing groups on the benzaldehyde in the o-QMs intermediates increase the rate of the 1,4-nucleophilic addition reaction because the alkene lowest unoccupied molecular orbital (LUMO) is at lower energy in the presence of electron-withdrawing groups compared with electrondonating grops [9, 22, 23] .
Comparison Results of TFA with other Catalysts Reported in the Literature
To show the merit of the present work in comparison with reported results in the literature, we compared reactions of TFA with other reported catalyst in the synthesis of N-((2-hydroxynaphthalen-1-yl) (phenyl)methyl)acetamide (4a) and N-((2-hydroxynaphthalen-1-yl)(phenyl)methyl)benzamide (4g). The experimental data shown in Table 2 indicate that TFA can act as an effective catalyst with respect to yields of the products and reaction conditions.
EXPERIMENTAL
Reagents were purchased from SD Fine, Sisco Research Laboratory (SRL), Qualigens Limited. TLC was performed on Merck 60 F 254 aluminium coated plates and the spots were visualized under UV light.
1 H NMR spectra were recorded on Bruker Avance 400 spectrometer in dimethylsulfoxide (DMSO-d 6 ). Mass spectra were recorded on Thermo-Fischer DSQ II GCMS instrument. IR spectra were recorded on a Shimadzu Prestige 21 spectrometer. Melting points were recorded in a Thiele's tube using paraffin oil and are uncorrected.
General Procedure for the Synthesis of Amidoalkyl Naphthols
A mixture of aromatic aldehydes (1 mmol), -naphthol (1 mmol), acetamide or benzamide (1.2 mmol) and trifluoro acetic acid (TFA) (3 mol %) was magnetically stirred on a preheated oil bath at 80˚C under solvent-free condition for one hour. The progress of the reaction was monitored by thin-layer chromatography (TLC). After completion of the reaction, the mixture was cooled to room temperature, washed with H 2 O, and the residue was recrystallized from 20% ethanol. The products were characterized by their m.p. and spectral analysis (IR, 1 H NMR, Mass-spectra) and compared with those of the known compounds. Spectral data for some compounds are as follows. 
Compound 4b: N-((4-nitrophenyl)(2-hydroxynaphthalen-1-yl)methyl)acetamide

CONCLUSION
In conclusion, a new protocol for a novel and highly efficient methodology for the synthesis of amidoalkyl naphthols by one-pot condensation reaction of aromatic aldehyde, -naphthol and acetamide/benzamide catalysed by TFA has been established under ordinary laboratory conditions. This method offers several advantages such as high conversions, easy handling, clean reaction profile, simple work-up, and shorter reaction time, which makes it a useful and attractive process for the quick synthesis of amidoalkyl naphthols. In the present method, work-up procedure is very simple which includes washing of the reaction mixture with water and recrystallization from ethanol. Therefore, this method could be an attractive alternative to existing methods for the synthesis of biologically important amidoalkyl naphthols.
